I. INTRODUCTION
Amorphous indium-gallium-zinc-oxide (a-IGZO) thinfilm transistors (TFTs) are attracting much attention as a promising replacement for amorphous and polycrystalline silicon TFTs in active matrix (AM) displays, such as a liquid crystal display or an organic light emitting diode [1] . However, the next generation AM displays require a larger screen size, a higher frame rate, and a higher resolution than the currently commercialized AM displays, which implies that the field-effect mobility of the a-IGZO TFT (typically 10 ~ 20 cm 2 /Vs [2, 3] ) is not enough for the next generation AM displays. Recently, several groups successfully fabricated the high mobility (> 30 cm 2 /Vs) amorphous oxide TFTs using amorphous indium-zinc-tin-oxide (a-ITZO) as a channel material [4, 5] . In a-ITZO TFTs, electrons move through the s-orbital overlap between In and Sn metal elements [4] , which increases the fieldeffect mobility of the devices. However, the electrical stability of the a-ITZO TFT is still poorer than a-IGZO TFTs, and needs to be much improved for commercial applications. In this work, we investigate the effects of magnesium (Mg) suppressor layer on the electrical performances and stabilities of a-ITZO TFTs. Mg has a small electron affinity of 1.31 eV, so it can effectively reduce the oxygen vacancies inside ITZO [6] . Moreover, the large optical bandgap of MgO (7.8 eV) is effective in broadening the optical bandgap of ITZO TFTs. In our work, we observe that Mg can be an effective suppressor in a-ITZO TFTs.
II. EXPERIMENTAL DETAILS
In this work, the inverted coplanar structure bottomgate TFTs were fabricated for experiments. An alkalinefree glass was used as a substrate and the ultrasonic cleaning process was carried out with acetone, isopropyl alcohol, and de-ionized water in sequence. An ITO gate was patterned on a glass substrate, and then a 180-nmthick Al 2 O 3 gate insulator was formed by atomic layer deposition (ALD) at 150 o C. Next, a 100-nm-thick ITO layer was deposited by RF (13.56 MHz) magnetron sputtering, and was pattered for source/drain electrodes. To investigate the effects of Mg suppression layer on the electrical performance and stability of ITZO TFTs, two types of ITZO channel layers were formed with and without a Mg suppression layer (Mg-doped ITZO layer) using the co-sputtering process. In the first-type device, a 30-nm-thick ITZO layer was formed without a Mg suppression layer, and in the second-type device, a 15-nm thick Mg suppression layer was formed on a 15-nmthick ITZO layer. The a-ITZO active layer was deposited by RF magnetron sputter using 3"-diameter ZTO and 3"-diameter In 2 O 3 targets. The co-sputtering process was carried out at room temperature in the O 2 /Ar mixed-gas atmosphere (Ar/O 2 = 95/5 (sccm/sccm)) with a sputtering power of 200 W for ZTO and 250 W for In 2 O 3 targets. The Mg suppression layer was formed by co-sputtering process using the ZTO, In 2 O 3 , and Mg targets. To dope Mg atoms to ITZO, the co-sputtering process was carried out using the DC magnetron sputter with a 3"-diameter Mg target at a sputtering power of 100 W. In sequence, a 10-nm-thick Al 2 O 3 passivation layer was formed on both devices using ALD. All patterning processes were achieved with photolithographic method, and the fabricated TFTs were annealed at 400 o C for 1 hour in O 2 .
The thin-films were characterized by X-ray photoelectron spectroscopy (XPS) and UV-vis spectrophotometer. The electrical characteristics of the TFTs were measured with a probe station coupled with a semiconductor parameter analyzer in air. ] charged state by photon irradiation [9] . In both mechanisms, the oxygen vacancy-related trap has been known to degrade the electrical stability of the ZnObased amorphous oxide TFTs under NBIS. The improved electrical stability of ITZO:Mg TFTs under NBIS can be ascribed to the decrease of the oxygen vacancy-related electronic traps by doped Mg atoms. Fig. 3(a) and (b) show the XPS O1s spectra with fitted curves (O I , O II , and O III binding energies) for ITZO and ITZO:Mg films. The featured bonding energy peaks O I , O II , and O III represent the oxygen bond (Zn-O) without oxygen vacancy, the oxygen bonds with oxygen vacancies, and the oxygen bonds in the hydroxide (OH), respectively [10] . From Fig.  3(a) and (b), we can observe that the Mg doping contributes to an enhancement of O I peak and a reduction of O II peak, indicating a reduction of oxygen vacancies or loosely bonded oxygen states. Considering that the oxygen vacancies or loosely bonded oxygen states can act as trapping sites under PBS and NBIS conditions, this result is consistent with those in Fig. 1 and 2 . Fig. 4 shows the optical bandgap obtained from optical absorption spectra by plotting (ahv) 1/2 versus hv in ITZO and ITZO:Mg films, where a is the optical absorption coefficient and hv is the photon energy. The optical bandgap is determined through the Tauc-relation. The results in Fig. 4 show that the optical bandgap of ITZO film is 3.52 eV, but that of ITZO:Mg film is 3.68 eV. The increase of the optical bandgap is attributed to the wide bandgap of MgO X (~7.8 eV) which is formed during Mg co-sputtering process.
III. RESULTS AND DISCSSION

IV. CONCLUSIONS
In this paper, we examine the effects of Mg suppressor layer on the electrical performances and stabilities of a- 
